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Proceedings of a meeting of the Society held on Thursday, 21s t December, 
1922, at 8.15 p.m., at 11, Chandos Street, Cavendish Square, W. I, 
preceded by a Demonstration, at 7.45, by Lieut.-Col. CLAYTON LA~E, on 
on the methods described in his paper. 
Surgeon-Admiral Sir PERCY :BASSETT-S~ITH, K.C.B., C.M.G. 
(Vice-_President), in the Chair. 
THE MASS D IAGNOSIS  OF ANKYLOSTOME INFESTAT ION.  
(PA~T I.) 
BY L1EUT.-CoLONEih CLAYTON LANE, M.D. (Lond.), I.M.S, (Retd.). 
One of the most  striking features of the present day attack upon the 
problem of ankylostomiasis is the disrepute into which mass diagnosis by 
microscopic recognition of ova m the stool has fallen, a disrepute well 
il lustrated by the following example. 
DARLING and SMILLIE (1921)and SMILLIE (1922) gave to forty-nine 
cases two treatments with oil of chonopodium. Twenty days after the 
second treatment they were examined by the routine technique of their 
laboratory, the details of which are not noted, but which appears to have 
been that of HowAm) (1915) (v. in[ra). This technique pronounced 
twenty-one of them as negative. These negative cases were given a third 
treatment, and twelve of them passed ankylostomes. The conclusion is 
that under these circumstaDees " it is futile to attempt to determine by 
the microscope whether or not the last ult imale worm has been removed." 
The Seventh Annual Report of the International I~Iealth :Board contains 
this additional comment upon these cases: " I t  has been shown that 
diagnosis by microscopic examination fails in about 50 per cent. of 
lightly infected cases." 
This, of course, is not what DARLING and SM1LLI~ have shown. What 
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they have demonstrated is that the unmentioned microscopic technique 
which they employed is ineffective to detect light infections. Such 
sweeping condemnation of the microscope in get~eral, by which is really 
intended the microscopic recognition of ova in the stools, is, on the 
grounds adduced, unjustified and therefore, in view of the authority which 
these statements carry, lamentable. 
If  not justified on the grounds stated, is the statement justifiable at 
all ? Such is the problem to be now considered. 
I t  is a matter of common knowledge that the amount of fmces which 
must be microscopically examined before a negative diagnosis of ankylos- 
tomiasis can be made, is large, indeed considerably larger than is 
commonly employed. It  follows that a negative diagnosis, based upon 
examination of a simple fmcal smear, is constantly incorrect. I f  com'ect, 
it has occupied some hours of work. For  this reason numerous techniques 
have from time to time been introduced, whose object is to separate ova 
f.rom fmces proper, and collect the former for examination in an 
uncamouflaged state upon a small area. 
In effect, such manipulations consider diagnosis as divisible into two 
parts, the concentrative preparation of the stool, and the microscopic 
examination ; and any such concentrative t chnique could be justified, if 
the time spent upon preparation were more than saved in microscopic 
examination, provided a lways that a constant degree of concentration 
were effeeted. Other factors, however, enter into, and indeed dominate, 
the matter of mass diagnosis. Accurate microscopic examination is 
skilled work, claiming skilled pay. The hookworm problem is enormous, 
as evidenced by the fact that in India alone there are at least 300,000,000 
persons infested. Paucity of personnel and funds both demand that the 
concentrative preparation should be capable of delegation, wholly or in 
part, to unskilled cheap labour, using apparatus cheap to purchase and 
maintain. In other words the apparatus nmst be reasonably fool-proof. 
I t  will be convenient t,o assume at first that examination of 1 e.c. of 
stool suffices for a negative diagnosis. The validity of the assumption 
will be considered later. 
Various methods for the concentration of hookworm eggs have been 
brought forward and dropped, again and again. The matter has been 
without certainty or stability. These circumstances eemed to me 
evidence that the principles upon which the success of the various 
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techniques depends have been imperfectly understood, and that the 
manipulations used in these techniques have sometimes, bu~ unknow- 
ingly, employed these principles to their best advantage, sometimes not. 
I accordingly approached the Rockefeller Foundation, International 
Health Board, with a request for a grant to enable me to attempt o 
recognise and separate the various factors involved in, and making for, 
success or failure in the various techniques in ordinary use, and, if 
possible, to determine or to evolve the technique most suited for the 
mass diagnosis of hookwomn infestation. Without the assistance and 
patient confidence so afforded the work would have been impossible. 
Equally, without the laboratory facilities so generously permitted by the 
Se~men's Hospital Society, the material so kindly placed at nay disposal 
by the visiting staff at the Albert Dock Hospital, and the interested 
assistance of the resident staff, medical and nursing, whose work was far 
from being lightened by my requirements, little progress could have been 
made. Not all the work here reported has been carried out under this 
subvention. On its expiry, ~ grant from the Royal Society has permitted 
of very necessary extension of the investigation, which is still being 
carried on, and some of the comparative work, thereby rendered possible, 
has been, for convenience, incorporated with this report. 
The results obtained have been of two kinds. There h~s been 
elucidation of the details upon which success in individual techniques 
depends ; and a consequent clarification of the principles which underlie 
all such techniques. These two sets of results ~re most conveniently 
considered in the opposite order. 
THE ESSEIq~IALS FOI~ ACCUI~A~n CONCI~USlO~S. 
ComTlete Disi~tegration.--No technique can concentrate all the ova 
present in any portion of stool unless these be first freed from all f~eeal 
matter proper by complete disintegration of the stool, in fluid, into its 
constituent parts. This elementary matter seems perhaps unnecessary 
of mention. I t  is unfortunately most necessary. The newest and most 
f~shionable techniques do not effect it, do not claim to effect~ it, us will 
be made evident below. 
Disintegration can be effected either by stirring or rubbing, or by 
shaking. The former is tedious, time-occupying, offensive, and difficult 
to c~rry out completely. It is facilitated by adding the fluid little by 
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little and not all at once; and by placing round the rod used for s~irring 
decidedly larger glass o1' metal cylinder which, so to speak, is made to 
roll round the container's wall like a wheel, crushing the fmees as it 
does so. 
Disintegration by shaking in a closed vessel is facilitated by adding 
some comminutor, such as shot (HALL, 1911) or a cylindrical metal 
fmcal measure (CLaYmolv LANE, 1918/)). The time required depends 
upon the character of the stool. I t  is rapid, generally effective, inoffen- 
sive, can be applied to a number of specimens at the same time, either 
mechanically or by hand. I ts  disadvantage lies in the bubbles it of 
necessity produces. If the disintegration take place in a heavy saline 
fluid in which both ova and bubbles rise, the latter render accurate search 
for the ova impossible ; if in water, where under the influence of gravity 
or centrifugal force the bubbles rise and the ova fall, the bubbles are 
entirely or almost entirely poured away with the water, and excellent 
results accrue. 
Standard~sation.--Aceurate conclusions regarding the relative values 
of various concentrative t chniques can only be reached by actual counts 
of the ova which any technique recovers from a known quantity of stool 
compared with the number which that quantity of stool originally 
contained. This cannot be directly effeeted; but, by inference, firm 
conclusions may be reached by the following means, which have been 
employed throughout the investigation. 
Available evidence indicates no certainty of even distribution of ova 
within the stool. For  accurate comparison of various techniques, even 
distribution of ova in the portions of fLeces treated by each technique 
is essential. The  means taken to ensure this were as follows. If it were 
necessary to compare twenty different concentrative processes, using 1.e.e. 
in each instance, 20 c.c. of stool were measured and thoroughly disin- 
tegrated as above described. To insure equable distribution the 
suspension was forcibly drawn into and eiected from a small pipette about 
one hundred times. The pipette was then filled with the suspension to a 
mark and the contents ejected into some vessel, generally a centrifuge 
tube; the suspension was then drawn into and ejected from the pipette 
five to ten tirnes to maintain its evenness, the pipette filled to the mark 
again, and the contents placed in the second vessel. In this way, to each of 
the twenty vessels was distrilmted the same quantity of suspension, its 
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evenness being maintained by the currents induced, in the manner 
described, between each distribution. The process was repeated, round 
by round, until it became clear that insufficient of the suspension 
remained to supply another ound. The balance would be distributed by 
drops, so many drops to each vessel. 
The care so expended in obtaining and maintaining an even sus- 
pension, and in distributing the same volume of it to each vessel, insured 
that each on the average contained I c.c. of f~eces, and the same number 
of eggs as did the others. 
On centrifuging such vessels sufficiently, as described below, ~ll the 
ova were deposited in the sediment, and this, after the supernatant fluid 
had been poured off, was subjected to various techniques and the ova 
actually recovered by each technique were counted. The relative values 
of the techniques were thus established. The actual values could have 
been settled by spreading out into an uncamouflaged film the sediment 
from one of the tubes and counting the actual number of ova present 
in 1 c.c. The film so formed would, however, have covered not less than 
from 50 to 60 sq. in. and have occupied some hours in examination. 
In practice, it was, accordingly, necessary to obtain and count a measured 
fract ion of 1 c.e., and this was done as follows. The sedinmnt from one 
centrifuge tube was made up with water till the whole mixture occupied, 
say, 100 drops from the measuring pipette. An even suspension was 
obtained and three drops, not three consecutive drops, were placed upon 
a slide, spread to cover 2 sq. in., and the ova counted. This number 
multiplied by thirty-three gave the ovum content per c.e. This is the 
" Standardising Count " (CI~AYTON LANE, 1918b). Without it the value 
of no technique can be known. 
I t  is ~lmost unbelievable, but i t  is nevertheless the case, that in spite 
of the enormous ums of money already spent upon the  relief of anky- 
lostomiasis (such relief being in nearly every case preceded by at least 
an attempt at microscopic diagnosis by detection of ova in the stool) 
there has hitherto, apart from the writer and those two or three who have 
followed his lead (CLAYTON I~ANE, 1918b, WI~ENCH), been almost no 
standardisation. The exceptions traced are one attempt (BAss, 1909) 
to ascertain the actual, and one (HALL, 1911) to ascertain the relative 
value of a technique. Techniques have been confidently, often enthu- 
siastically, recommended. Nevertheless, their real value has remained 
THE MASS DIAGNOSIS OF ANXYLOSTOME INI~ES:eAqelON. 9,79 
undetermined. Under such empirical and unscientific misusage it is not 
surprising that microscopic diagnosis has fallen upon evil and disreputable 
days. 
CONCENTI~ATION OF OVA. 
The following agencies have been used in various techniques for the 
concentration of ova : - -  
Strai~dJ~g through a mesh which will permit the passage of ova but 
will eliminate larger matter has been widely employed, using either 
cotton gauze of indeterminate mesh (HO;VARD, 1915), a wire gauze with 
100 to 120 meshes to the linear inch (HA~:r~, 1911 ; CLAY:CON LANE, 1918b), 
or Miller's silk bolting cloth (Com~, 1904; I-IAL~, 1911). It  is clearly 
most valuable in producing concentration when fmees contain coarse, 
undigested food. 
Centr/,f~tgir~g to the extent which will throw down all ova from the 
lineal suspension, but will leave in suspension a considerable amount of 
fine, particulate matter, has been widely employed. The time required 
for this purpose can be determined for any centrifuge by running it for 
various periods at various rates, using in each instance the same quantity 
of the same even fmcal suspension, and counting the ova precipitated in 
each case. This can be checked by more prolonged centrifuging of the 
decanted fluid, the sediment being searched for ova. In a machine 
having an arm length of 6-~- inches the ova are precipitated by 1,000 
revolutions in 60 seconds. The effect of running the centrifuge for a 
period longer than is required to precipitate all ova, is to throw down, 
wholly or in part, those fine particles which it is in fact its sole 
concentrative function to attempt to eliminate, and so entirely to defeat 
this object. I ts main nse is merely to collect the ova which have had to 
be dispersed in effecting complete disintegration of the stool. I t  has no 
selective action upon ova. 
Adhesive++ess.--l°E~'pl~;l~ (1908) discovered that, by reason of their 
adhesiveness, ankylostome ow~, cling to glass with which they have come 
into contact, so that ~hey remain there in the presence of forces which 
remove lineal matter proper. The writer accidentally rediscovered this pro- 
perty and used it in the levitation technique. W~I, LIs has used it in his 
floatation technique, although it seems to be a minor factor in the success 
of th >, I t  is probably inherent in eggs of all Strongylata. Ascaris ova 
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do not possess it, and Triehuris ova, at the best, to but a slight extent. 
I t  has, therefore, a selective action for ankylostome ggs. 
SitTface Te~sion.--This property is used in opposite directions; either 
to remove fmcal matter and leave the eggs behind upon a slide for 
examination, as in levitation; or to remove the ova for examination, as in 
the KOFOID and BA~]~R technique, and leave the f~ecal matter behind. 
Floatation.--The ggs of ankylostomes float in a solution having a 
specific gravity higher than themselves, o long as this solution does not 
penetrate the egg coverings. So far as ankylostome ova go, this resistance 
to osr~osis probably resides in the shell membrane, which lies immedi- 
ately beneath and in contact with the shell, for the first change which is 
noticeable in eggs lying in such a solution is an apparent hickening of 
the shell, due evidently to a slight separation of the shell and its 
membrane ; the next step being that the membrane appears in optical 
section as a wrinkled line, while the segmented egg-contents shrink and 
become more highly refractive. Ordinary f~ecal matter rapidly saturates 
with the salt solution and sinks in it. Floatation, then, is a selective 
process making use of a property present in ankylostome and tricho- 
strongylus eggs, presumably in all Strongylate and probably in all 
Nematode ova, but absent in f~ecal matter generally. 
The substances used in floatation techniques have included common 
sal~, sulphate of magnesia, calcium chloride, sodium acetate and glycerine. 
The advantages of common salt are cheapness, easy procurability, and 
the forming of a saturated solution whose specific gravity, at all ordinary 
temperatures, is in the close neighbourhood of 1200 (GArrison, 1910; 
:F~3~L~BO~N, 1920). On these grounds it is clearly the salt of election, 
and so far as concentrative effect goes, this investigation has detected no 
great differences between solutions of the same density produced by 
different salts. WH~LIs (1921) states incorrectly that a saturated solution 
of common salt has a specific gravity of 1130. The following tests show 
how easily such a mistake can occur. A vessel stood for four day's at 
a temperature of about 53 ° F., with undissolved salt at its bottom 
throughout. The specific gravity at the end of this time was 1160. 
Other experiments gave the following corresponding figmres :--18 hours, 
temp. 53 °, s.g. 1125 ; 18 hours, temp. 53 °, s.g. 1095 ; 66 hours, temp. 59 °, 
s.g. 1180 ; 114 hours, temp. 63 °, s.g. 1200 ; 66 hours, temp. 64 °, s.g. 1190; 
18 hours, temp. 68 °, s.g. 1125. There is no guarantee that a solution 
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which has stood for hours over undissolved salt is saturated. Shaking of 
salt in water produces rapid solution, but the surface of the fluid becomes 
covered with a mass of fine bubbles, which greatly interfere with the 
visibility of floating ova. I f  water with a mass of salt be boiled until 
a film of crysba.ls forms upon the surface, sat, uration with a specific 
gr,~vi b of iust over 1~200 will have been attained at ordinary altitudes, 
and it' this procedure be followed the specific gravity bulb can be 
dispensed with. 
Soht*io., of fats by ether, and of proteids by hydrochloric acid, is used 
in the ~echniques of TI~r~E~fA~X (1908) and WegNc~ (1917). HaLn (1911) 
notes that the acid fmnes injm'e the mieroseope, in spi~e of all precautions. 
In view of HaLI, 's unsueeess with it, and the obvious drawback which 
Sunage to an expensive instrument forms to an ankylostome campaign, 
the lnatter h'~s not been tested. Ether has a ph~ce, bu~ an uncertain one, 
in persons taking much milk. [['he fatty curd floats in saline and obscures 
the ova. By shMdng the preliminary watery suspension in ether this fat 
is dissolved, and, with centrifuging, forms a surface layer which can be 
poured off. Unfortunately, the ova are sometimes entangled in it, some- 
times not, the cause of the difference not having been elucidated. 
ACCUraTE Exa~ilN,S'rlON o~" '~uI,: CONCENTI~AXED OVA. 
Accurate and rapid microscopic examination can only be sustained by 
attention to eertMn details dealt with by HALL (1911)--whose pioneer 
work on this matter is too little appreciated by medical men- -and  by the 
writer (1.919). These are adequate il lmuination; satisfactory magnifica- 
tion; a square field; a mechanieM stooge; minimisation of strain upon the 
attention, one of the most important items of which is the elimination of 
camouflage. 
Cam,oKflaCde.---The potent but too little recognised influence of 
camouflage in hiding ova has never received adequate attention, because 
without counts or' ova its importance is not and cannot be appreciated, 
and few persons have checked their work by such counts. New illustra- 
tions of the import'race of this factor are shown in Table I. They are of 
particular vMue because they are reached not by inference, but by direct 
observation. In each instance 0"5 c.e. of fmces was eomminuted, 
suspended, strMned, centrifuged twice with intermediate washing, and 
levitated. The resulting preparation was one which would be called 
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at least reasonably clean. The  ova were  counted as they lay adherent to 
the glass at the bot tom of a pool of water  sandwiched between two glass 
slides, wh ich  were  kept apart by four lumps  of plasticine, the distance 
between the slides being 1 or 2 ram. The  preparation was  then placed 
upsidedown.  By  a swinging movement  this manoeuvre  can usually be 
effeeted without spilling. The  f~eces drop away f rom the glass, the ova, or 
nearly all of them, remain  suspended upon it, for a few can always be found 
in the now lower layer. Co lumn 2 shows  the nmnber  of ova counted 
while so adhering to the inverted slide. These  recounts of identical 
preparations show that camouflage is for the writer, in spite of constant 
practice and long experience, a fruitful source of error by producing 
overlooking of eggs. It seems wise that others should not assume, with- 
out testing their work by comparative counts, that they are exempt from 
such errors. 
CONCENTRATIVE  TECI INIQUE8.  
A. CERTAIN  GENERAL CONSIDERATIONS.  
Their Limit of Effective Concentration.--That every technique has 
its limit of effective concentration, and a comparatively small range of 
effectiveness, is perhaps the principle of most outstanding importance 
which emerges from this investigation. When attention is directed to it, 
it may perhaps be said that this is obvious., I t  is not obvious, for it is 
clear, from the evidence which will be adduced, that in practice it has 
been almost entirely overlooked; that it is neglect of its appreciation 
which has been the most potent reason for the failure in the past of any 
concentrative t chnique to gain general acceptance. All have been tried 
too highly. All havebeen expected to accomplish more than is possible 
for them. 
In  the case of every technique it will be found that from a given 
quantity of any stool ova can be concentrated for examination, uncamou- 
flaged and without appreciable loss, upon a certain area. If an attempt 
be made to exceed this degree of concentration, either by increasing the 
amount of stool used, or by diminishing the area upon which concentra- 
tion is effected, there is an immediate loss of efficiency, first relative, then 
absolute. Diet has a particular effect in altering the limits of effective 
concentration. 
Their Com2arative Time-saving Value.--It is of little value, in 
estimating the comparative time-saving efficiency of various techniques, 
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to consider the time taken by each to arrive at a positive diagnosis. The 
only aeenrage criterion is the time required to reach a negative one. It  
is immaterial for the purposes of this il lustration whether the figures 
used below are accepted as correct, although the writer believes them to 
be so. In the West Indies' technique, as already noted, about 36 sq. in. 
of fihn are examined before a negative diagnosis is made. This implies 
the belief that ova may be so scarce that only one is present in the 
quantity of traces spread into this fihn. Granting this, it is pure chance 
whether this ovum is discovered in the first few minutes or only after 
four hours of examination ; and the tiine taken to find it is, in such a case, 
no evidence of the concentrative ffectiveness of this technique. The 
negative diagnosis will take four horn's. But if it can be established that 
by another technique a negative diagnosis can be made by the same 
person in two minutes, the relative values of the two techniques are 
clearly and definitely established. 
The negative diagnosis has, too, this practical importance, that it is, 
or should be, the aim of all treatment to necessitate the eventual making 
of a negative diagnosis in every case; so that the time occupied in 
making a negative diagnosis is, or should be, the main factor in deter- 
mining the time which the diagnostic part of a scientific hookworm 
campaign must absorb. 
The Collectio'n Area and the Exav~ination Area.-- In nearly all con- 
centrative techniques the area upon which the eggs are collected and the 
area upon which they are examined are different. They have to be 
removed from the point where they are collected, and examined 
elsewhere. Every additional step in a technique involves the risk of, and 
probably generally produces, loss of ow~. I t  also lengthens the technique. 
Gain in time and accuracy are accordingly the benefits to be anticipated 
from combining the collection and examination areas. This combination 
is effected in PEP~?Ea'S technique, in the writer's levitation, and in 
WIr~Lls's technique, and also in direct centrifngal floatal, ion, the new 
technique below described, which appears to be superior to any other. 
]3. CERTAIN  TECHNIQUES.  
Howard's Technique.--The fmcal, watery suspension is sl~rained, 
generally through muslin, el iminating coarse matter to ~ degree de- 
pendent upon the size of the mesh used ; and centrifuged, which collects 
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the eggs and eliminates fine particulate matter. The straining should, 
if possible, be accompanied by washing, the facility with which the bulk 
of tbe resulting filtrate can be dealt with limiting the amount of water 
used. In 'human f~ces these two factors rarely reduce the bulk of the 
precipitate to half, and cannot do more than produce a corresponding 
concentration of hookworm ova, since they have no selective action upon 
these eggs. It  seems to be the commonly held exaggeration of the value 
of this technique which has caused such widely expressed dissatisfaction 
with concentrative t chniques in general. 
In the West Indies a modification of this is employed as a standard 
technique, though straining appears to be omitted. No negative diagnosis 
is made until, on slides measuring 3 by 2 inches, three smears from fmees 
direct and six smears from the centrifuged sediment have been examined. 
This must mean investigation of about 36 sq. in. of film, and shows an 
appreciation of the slight value of the centrifuge as a concentrator. 
I-Iowa~D's technique has been widely employed, among other instanees 
being the writer's (1917) Darjeeling demonstration upon 30,00(~ persons. 
The obvious impossibility of solving the immense hookworm problem, 
if diagnosis is to precede treatment, and if diagnosis must rest upon such 
a technique, is probably largely responsible for the body of opinion, led 
by DAaLINC~, which would reject microscopic diagnosis as useless and would 
habitually treat whole communities, irrespective of individual infestation, 
provided there was evidence that the general infection rate was high. 
The advantage of this technique is its simplicity. The limit of 
effective concentration is determined by camouflage upon the slide. The 
amount of concentration is slight. 
Levitat,ion.--]?erfected by the writer in India, and being the only 
technique hitherto standardised, this was naturally the first to be tested in 
England. It  had been established that the limit of effective concentra- 
tion in vegetarian Indians was 0"5 c.e. of stool upon 2 sc 1. in. [12"5 sol. cm.] 
of slide. The details are as follows. This quantity of stool is thoroughly 
broken up, suspended, strained through wire gauze of 100 meshes go the 
linear inch into a plain glass tube, about 5 inches long and half an inch 
in diameter, and corked at the lower end. The washings of the gauze are 
run into the same tube, which is then centrifuged. 
An area two inches square is marked out in the middle of an ordinary 
3 by 1 in. slide, by drawing with vaseline or a grease pencil a line parallel 
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tO, and half an inch from, each end, or by cement ing  upon  the slide's 
central part another slide measuring 2 by 1 in. Across a small dish about 
5 by 4 by i inch are placed two flat whalebone-like pieces of springy steel, 
about 5½ inches long, the last quarter of an inch at each end being bent 
at a right angle to prevent hem from slipping into the dish. They must 
lie parallel and less than two inches apart. Across them the prepared 
slide is placed. Fronl  the centrifuged tube the water is poured off, a few 
drops of water added, the deposit gently shaken up in this, the cork with- 
drawn obliquely, and the fluid from the tube allowed to run upon the 
central area of the prepared slide. The sediment from the cork and tube 
are washed by water from a pipette on to the same area, and water is 
added until a considerable meniscus is formed, containing about 2 c.c. of 
fluid. The sediment is distributed throughout he meniscus as evenly as 
possible by fairly brisk stirring, but not sufficiently so to produce spilling, 
and the slide is left for five minutes. A depressor, consisting of two 
forked uprights, joined by horizontals, is brought to bear upon the free 
ends of the slide, and this is forced down until it and the central part of 
the bending supports are immersed. Another flat, spatula-like rod, with 
both ends bent at a right angle and just long enough for one end to slip 
under the slide and the other over the top of the depressor and so hold the 
two immovably together, is placed in position, and the whole is tilted, the 
slide still completely under water, to an angle of 20 °, as measured by a 
hanging bead and a scale on the depressor, l~elaxation of downward 
pressure allows the steel rods to force up the whole, the slide emerging 
at an angle of 20 °, and the surface tension removing from it, in a suc- 
cessful case, practically all f~ecal matter, but leaving behind all, or nearly 
all, the adherent ova, as tested by a standardising count. The modifica- 
tion of the original technique now described does away with the need 
of a high polish upon these steel supports, a polish necessary to prevent 
jarring of the moving slide, and permits of measurement of the angle of 
withdrawal. 
Levitation of the stools of those taking a milk or mixed meat diet, in 
England, furnished results far less even than had been those obtained in 
vegetarian, Indian prisoners. For  example, in acommon suspension in 
which, by a standardising count, the ova was estimated as 240 in 0"5 c.c. 
of stool, the levitation technique recovered from each 0'5 c.e. of stool 
contained in the common suspension the following numbers of ova :--- 
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96, 76, 153, 75, 91, 210, 182, 66, 23g, 170, 70, 226, 179, 264, 135, 167, 
921, 265, 79, t13, 238, 133, 86. In  other instances levitation of 0"5 c.c. 
of stool produced 18, 245 and 73 ova when, by the standardising count, 
there should have been 125, 860 and 650 respectively. 
Lev i ta t ion  a f te r  Doub le  Cent r i fug ing . - - In  a c~se where levitation 
carried out as above gave, in quantities of suspension corresponding to
0"5 c.c. of stool, 15, 11 and 40 ova, and in which the amount of deposit 
thrown down by the centrifuge was very large, a quantity of suspension 
corresponding to another 0"5 e.c. of stool was centrifuged three times 
before levitation, the supernatant fluid being decanted and the deposit 
thoroughly mixed with fresh water between each centrifuging. The 
number of ova counted after levitation was 328. Cenbrifuging twice with 
decanting and addition of fresh water between was accordingly tested• In 
a suspension in which the standardislng count indicated 1,150 ova in the 
0"5 c.c. of stool, levitation of the same quantity of the same suspension gave 
counts of 384, '213, 9,00, 664, 143, 179, 79.8 and 571. In  another case, 
with a standardising count indicating 80 ova, levitation produced 39, 66 
and 54. 
~ O o  
,~,# o~ 
o ~.4~ o 
~4ao 
121 
53 
50 
74 
72 
72 
145 
123 
79 
76 
63 
67 
107 
49 
118 
66 
103 
68 
90 
TABLE I. 
~ 4~ 4~ ~,~ o 
loo 
loo 
92 IOO 
8(; 100 
78 100 
75 100 
84 100 
100 11o 
108 11o 
120 11o 
72 11o 
164 110 
267 110 
77 112 
128 112 
110 112 
185 112 
118 112 
153 112 
129 112 
138 200 
125 200 
80 200 
133 200 
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Levitatio~t after Do~tble Centrifuging and with ~nversion.--The 
uneven and unsatisfactory results just mentioned were associated with 
thick, dirty preparations, and it was felt that these probably contained 
more ova than had been counted. The way in which this was proved 
has been explained under the heading " camouflage," and the significance 
of Table I. explained. 
In the suspension enlployed for the last four items in this Table, 
quantities representing 1 e.c. of stool were also used in two eases. The 
ova counted before and after inversion were, in the first case 23 and 38, 
and in the second 152 and 166. Clearly the limit of effective concentra- 
tion has here been exceeded. 
The advantages of levitation are that i~ concentrates upon 2 sq. in. 
of slide the ova from 0"5 c.c. of the stool of vegetarians, correspondingly 
reducing the time spent upon mmroseopic examination. The disadvantages 
are that in non-vegetarians,with this quantity of stool and this area of slide, 
the limit of effective concentration is exceeded, so that, in order to bring it 
within this limit, steps have to be added to the technique which render it 
complicated and time-occupying. In any case, the high meniscus spills 
readily, if the supports be jarred, and may spill without, such accidents 
more readily occurring with fatigue. There is much cleaning to be done 
and corresponding risk of carrying on ova from one case to another. 
The straining is, too often, slow and difficult. 
In the technique as designed, the actual process of levitation can be 
applied to one stool only at a time. Apparatus to deal with a nmnber at 
once was being worked out when success achieved with floatation 
techniques induced the abandonment of the attempt as not being worth 
while. 
:Levitation is, then, a term introduced by the writer to designate 
a technique which by straining through a gauze of 100 meshes to the 
linear inch eliminates all particulate matter which is but little larger 
than the hookworm egg ; by centrifuging for such time as throws down 
all such eggs, eliminates a quantity of fine particulate ma~ter, since this 
remains in suspension ; thus places ankylostome ggs in such a position 
that they will drop upon and adhere to the glass slide ; and by the use of 
surface tension lifts away, or " levitates" most of the fmcal matter proper 
and leaves the ova behind upon the glass. "WIr~Hs has confused matters 
by calling his floatation technique a levitation. _Perusal of his paper 
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suggests that he is unaware of the details of levitation, and takes it to 
concentrate by floatation of the ova. The confusion so introduced in 
calling by the same name two techniques which act in diamelrieally 
opposite manners is unfortunate, and quite unnecessarily confusing. 
C. I ) IRECT CENTRIFUGAL I : )REOIPITATION. 
The length of t ime required to complete a diagnosis by levitation, the 
not infrequent occurrence of spilling of the meniscus, particularly with 
fatigue, and the efficacy of inversion of the slide in eliminating camou- 
flage, suggested investigation as to whether the centrifuge could not be 
used to throw ova direct upon a piece of glass lying at the bottom of 
a centrifuge tube, the glass being then removed and examined, inverted 
over water. Assuming that, as in levitation, the ova h'om 0"5 c.c. of 
stool could be thus concentrated upon 2 sq. in. of slide, a circular tube 
with this cross-section would have a diameter of just over 1½ inches. 
The centrifuge tube in ordinary use had a diameter of half an inch, 
representing a cross-section of a fifth of a square inch, and corresponding 
to 0"05 c.e. of fmces. One c.c. of stool was made into an even suspension 
TA]3LE I I .  
o ~ .~ 
31 
20 
29 
20 
38 
45 
37 
38 
25 
36 
49 
44 
17 
24 
34 
41 
26 
25 
579 
i1 
5 
13 
2 
2 
5 
4 
1 
4 
2 
3 
9 
5 
5 
1 
11 
2 
88 
4~2 
25 
42 
22 
41 
4.7 
22 
42 
26 
4O 
51 
47 
26 
29 
39 
4~ 
37 
27 
667 
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with 200 c.e. of water;  10 c.c., representing 0'05 c.c. of stool, was 
centrifuged adequately, the cork at the bottom of the centrifuge tube 
being covered with a sheet of glass which just fitted the tube. The fluid 
was poured off, the cork withdrawn with the glass lying upon it, and the 
glass inverted over a small pool of water, and resting upon two plastieine 
supports which kept the two sheets of glass at an appropriate distance 
so that the water just filled the space between them. The freest matter  
proper nearly all dropped off the glass ; and the ova remaining adherent 
to the inverted glass, and those lying dropped upon the slide, were 
separately counted. The results are seen in Table I I .  
The dropped fmees cause a considerable deposit which darkens the 
field of vision and may make recogmtion of ova slower than normal. 
By a standardising count the number of ova in 0"05 e.c was 49. 
Accordingly, the technique collected upon the upper glass, in a condition 
of satisfactory visibility, 65 per cent. of the ova present, and on the lower 
glass about another 10 per cent. Owing to the greater concentrations 
effeeted by other techniques, these results in miniature were not repeated 
in tubes 1} in. in diameter, but if this were to be attempted one factor 
merits consideration. When centrifuging material upon a flat-bottomed 
tube, the deposit is not evenly distributed over the bottom, i t  is appre- 
ciably heaped about that edge which lay lowest when the tube swung out 
horizontally under centrifugal force. I t  is evident that gravity has 
a greater effect upon the particles, or at least upon certain of the 
particles, moving with relative slowness through the fluid, than it has 
upon the tube as a whole, swinging out freely in the air. Presumably, an 
even distribution upon the bottom of the tube could be obtained by 
preventing it from flying out so nearly horizontally ; by checking it, that 
is, at that angle which, as actual experiment demonstrated, gave, at ~he 
speed used, the flattest and evenest deposit. 
D. CERTAIN ~LOATAT1ON ~)ECHNIQUES. 
Floatation techniques make use either of gravity or of cengrifugal 
force. 
Bass's Gravity Floatation Technique.--J3Ass (1906) appears to have 
been the first to advocate a floatation technique, mixing fmees with a 
nine-tenth saturated solution of common salt and setting the suspension 
aside to stand. 
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~ass's Cent~'ifugal Floc, tation Technique (1909).--0ne part of feeees 
is mixed with nine parts of water, strained, the filtrate centrifuged, and 
the fluid decanted. The filtrate from another portion of f~eees is added, 
the whole centrifuged, and the fluid decanted. This process is contimled 
until all the fmees with which it is proposed to deal has been used. The 
total precipitate is repeatedly washed and centrifuged until the water 
comes away clear. I t  is held that the secret of success lies in the length 
of time during which centrifuging is carried on, a too long period defeat- 
ing the purpose. Usually, to centrifuge for ten seconds at 3,500 
revolutions a minute for first washing, and at the same rate for four or 
five seconds for subsequent washings, will be correct. The residue is now 
centrifuged in a calcium chloride solution of a specific gravity of 1050 ; 
in this the ova sink, and certain fmeal constituents which float are 
decanted with the fluid. Another centrifuging follows, using a solution 
of the same salt with a specific gravity of 1250. In this the ova float and 
are collected with a pipette; or, preferably, the top fluid is decanted, 
watered till its specific gravity fails below 1050, centrifuged, and the 
precipitate xamined. 
To test the technique BAss made three standardising experiments. 
By an unmentioned method he isolated 1,000, 100 and 10 ova, added each 
lot to a Separate ounce of f~eces, and recovered respectively 960, 91 and 
6 of them. 
Than the above nothing could be more satisfactory, et next year 
DocI~ and BASS (1910) mention work by GAG~ and BAss, apparently not 
published elsewhere, in which the centrifuge was used, either with water 
or with a calcium chloride solution having a specific gravity of 1250. Of 
the total positives discovered, the smear detected 47 per cent, and the 
centrifuge 53. They add: "GAGE and BASS conclude, after this extensive 
experience, that, for all practical purposes, washing with water alone is 
all that is necessary, and that the washing with calcium chloride solution 
is unnecessary' except for special purposes." In other words, these 
floatation methods, which had seemed so promising, were repudiated, 
a striking example of the lack of certainty and stability above mentioned. 
Garriso~' sGravity Floatatio~ Technique.--In the same year, GAt~t~ISON 
(1910) described an elaborate technique for dealing with the whole stool, 
comprising many washings, straining through fine gauze, and further 
washings, continued if necessary for one or more days until the water 
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used comes away cleat', The sedimeni± is then placed in a solution of 
caleitml chloride having a specific gravity of 1500 (350 gins. to die ]ittre). 
The I,op layer ContMning the eggs is decanted and examined. 
Wellman's Centrifit.qal Floatation Technique.---Again i the same 3'ear 
WELn.~rAN (1910) advocated solutions of sodium acei,atte with specific gr~vi- 
ttiesof 1050 and 1950. These are used alllernately in tthe centrifuge a number 
ofllimes "m~ttil the coos are all in one layer." This laver is not held to lie -mm'  , ,  
upon the sm'faee, hut, to he sii±ua~ed somewhere between t,he heavy 
ingredieni,s at I±he boti±om and the light, floeeuleni± eomponenl, s at the top. 
B(trber's Gravity FloataEion Teehn,ique.--Some y ars later, BAm~xP, 
(1917), in an unpublished memorandum in I±he librar,v of the I~oekefeller 
fom~dWdon, advoeatted a tteehnique whose dei±ails were described by J3a~.~>zs 
(1{)1.7). The stool is stirred wil~h equal p~rl, s of glycerine and a saturated 
sohtLion of sulphate of magnesimn, "the ow~ rise ai, once to the surface and 
float there," and I±he upper paw of ~he fluid is poured off' and examined, 
dilui±ed,if necessary, to m'~ke it sufficienl, ly translueen11, i11 was esllimalled 
(BamcJes, 1919) that, it couht dei±ecl: ova if 50 1,o 95 were presentt per e.e., 
but no negai,ive xamination was accepted withoui, subsequent examinai,ion 
of a centrifuged smear. 
Kofoid and Barber's GraviL, y I~'loc~l(~tion Tech, nique.--]<oFoID and Ban- 
]~F,~ ([918) b~ve sh'ongly t~dvocated the following technique. A can of from 
50 to 80 c.c. capacity, not more than oue4hbd full of fmces, is nearly filled 
wii,h a satnrai,ed solnttion of common salt, and tthe contentts tirred and 
broken up against , be wall of tdm can until tthe brine is considerably dis- 
co cured. A lightly compressed isc of long fibre stteel wool, an eighth to 
a qua~:~;er of an inch in tthicM~ess, is then pushed down 11hrough I,he fluid to 
I,he ])ol;tonl of the can, thus t.weaking up air bubbles and I,he "lighi,er coarse 
float, "" (acttually lamps of unbroken faces). The preparai±ion is left, I,o 
stand for an hour. The end of ~b piece of wire, al)oui, six inches long, is 
twisted romld ~L gl'tss I,nbe hMf an inch in di~mmi,er, and tthe loop so 
formed is bent, at, righi, angles tto the re.~tt of the wive, which forms 
a handle. The loop is submerged in I,he preparatiol~, brought out parallel 
to the surface, and generMly emerges filled with a film removed from 
the surface m~d held I,ogei,her by surface tension. It is stated 11ha11 ten 
loopfuls will skim I,he entire surface. Since ()v~ were removed from the 
surface during six successive, hourly loopings, itt was concluded thai, I,here 
were evidently considerable variai,ions in I,he rate of ascent and subsequentt 
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descent in different stools, and at different temperatures. They add: 
" The great advantage of the brine floatation-loop method lies in the easy 
utilisation of large samples. This insures a sufficient number of ova to 
make detection possible in light infections, which other methods, using 
smaller samples, may fail to detect in a larger proportion of examinations. 
The method is for this reason a more accurate one." 
l~egarding this claim for accuracy, the following criticism is apposite. 
This technique was not standardised by its introducers. The checks 
upon its accuracy were these. During ten days, 1,240 men examined 
by the smear method (probably a centrifuged smear, but one whose size 
is unstated) gave 10"2 per cent. positives ; while during the next ten days 
1,133 men coming from the same general localities, examined by the 
brine floatation-loop technique, gave 27"1 per cent. positives. The second 
check was as follows. The top fluid of 50 negative specimens, which 
had stood for three hours, was drawn off into a tall cylinder and examined, 
presumably after further standing. The same process was carried out 
in seven other lots of fifty each. In only one lot were ova detected. 
The argument assumes that the repetition of a process with the same, in 
this case a negative, result, proves the accuracy of that process--assumes 
that a process can be employed to check its own accuracy. I t  further 
assmnes that ova, after three hours' immersion, in concentrated saline, 
will not have absorbed it appreciably, but will have retained sufficient 
buoyancy to rise to the surface, a quite different proposition to their 
remaining for that period adherent o a surface fihn. No control upon 
positive cases was carried out. 
The evidence adduced for the accuracy of the technique cannot, then, 
be deemed satisfactory. Moreover, the paper offers no evidence that the 
use of a large sample increases accuracy. The expression used should 
evidently be read as merely indicating a belief that this must necessarily 
be the case, not a reasoned conclusion that facts show it to be so. What 
the facts are is indicated in Table I I I .  In  collecting these figures the 
technique was carried out as KoFoID and BA~EER" advocate, except hat 
the fmces were broken up by stirring until the suspension seemed to be 
an e~/en one. For  comparative purposes this is a necessary departure, 
for, unless all the feeces be broken up (as pointed out there is deliberate 
omission to break them all up in the original technique) all the contained 
ova cannot be released for concentration, and the proportion released in 
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any p~rticula, r instance depends entirely upon the e~price of the operator. 
Accuracy c~mnot be attuined if an uncer~uin proportion of ~he ova be 
deliberately excluded from ~he action of forces used in ~ concentrative 
technique. 
TABLs. III. 
The Limit of Effective Concentration i  the KOFOlD-BAI~I3Et{ Technique. 
In all cases covered the ,~monnt of brine used was 80 e.e. 
Amount of Number  of 
Stool llSOd. OV~ O01lll~e(]. 
O'5 225 
] 416 
2"7> 774 3S 
5 43O 
10 :187 
J0 
r~'5 "12 38 
I 
2"5 5-[ 160 
5 22 320 123 
O'5 5 I. 
I s9 
2"5 9o 
5 18o 
it5 221 
I 368 
2"5 4 l [  
Number  of Number  of Nmnber  of 
ov,~ cer ta in ly  ov~ counted, ov~ cer tMnly  
present,, present. 
2O 
450 
1125 100 
2280 
4500 
90OO 
3S0 
10,9 
2;0 115 
540 168 230 
82 460 
2[ 
442 
1105 79 t05 
( '5 
[ 
2"5 s4 1126 
5 ! 68 225o 
t ~) 105 4500 
~r5 33 
I 
2"5 54. 165 
5 22 3:3¢) 
I[I 
(1"5 26 
l 1 ~ 5.? 
2"5 I (~ 130 
5 
](I 
0'5 
1 
2"5 t [ 
5 2 s ,%' 
lo 
225 125 
T J5 ,250 
17 
7 6,'; 
60 
142 
125 
75 
202 
"106 
14 
120 
300 
600 
1200 
602 
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TABLE IV. 
Floatation in Funnels, using Common Salt Solution 
with a Specific Gravity of 1200. 
Ova recovered from funnel. 
221 
225 
33 
13 
102 
• 225 
4: 
4: 
79 
36 
1 
0 
Ova estimated as present by 
a standardisino~ " count~ or recovered 
by another floatation technique from 
the same quantity of stool, using not 
more than the same quantity of fluid. 
862 
2070 
62 
142 
1500 
1765 
187 
338 
418 
198 
g4 
89 
~loatation in a Half-inch wide Tube.--With the failure of the funnels 
the most obvious means of obtaining contracted collection and examin- 
ation areas seemed to lie in the use of the ordinary half-inch wide tubes 
in common centrifugal use; and a number of experiments were 
undertaken to ascertain the conditions, if any, under which effective 
concentration could be obtained in them. 
These cylindrical tubes were 3~ in. long, ½-in. in internal diameter, 
corked at one end, and with a working capacity of about 18 c.c. An 
amount of even suspension representing 1 c.c. of stool was placed in 
each tube, and the resulting centrifugal deposit was mixed with solutions 
of common salt of various specific gravities, or, if required, with a solu- 
tion of sulphate of magnesia of specific gravity of 1250, and centrifuged. 
TABLE V.  
Ovmn counts in fluids with a concave meniscus in vessels of different 
sizes, using solutions of common salt of specific gravity from 1100 to 
1200, and of sulphate of magnesia of specific gravity 10.50. A centri- 
fugal precipitate, representing 1 e.c. of fmces in an even suspension, is
used in every case. Each suspension is indicated by a different letter. 
Gravity floatation was for 60 minutes ; centrifugal floatation, in the first 
six suspensions, for 15 seconds at 1,000 revolutions, in the others for 
60 seconds at the same rate. 
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TABLE V. 
.~ G rav i ty  f loatat ion 
• ~ "~ in t in w i th  80  c.o. o f  
~ ~ ~ salt  solution. 
1100 1125 1150 1200 
A 655 675 565 
B 271 407 
C 350 19."1 204 351 
Grav i ty  f loatation 
in tube ha l f -an- inch in 
d iameter  w i th  18 c.c. 
of salt  solution. 
1100 1150 1175 1200 1100 
17 14 31 
16 47 30 
29 22 46 36 
67 
143 
101 
124 
89 
59 
285 977 492 
0 I- 0 
ff 250 :162 
K 385 
Centr i fuga l  f loatation in  
tube ha l f -an- inch in  d iameter  
w i th  18 c.c. of  salt  solution. 
1125 1150 
05 
125 241 
77 
262 
241 
182 
406 
441 
237 
1175 1200 1250 
174 380 
379 621 
319 
272 19 
258 
315 62 
243 33 
591 582 
762 
89 
104 
38 
231 
16 
14 
31) 
217 
90 
302 448 
217 319 
492 472 
485 
282 625 
576 921 
" 12 32 
19 48 
516 321 
582 532 
219 857 
147 
189 
215 
313 
166 
244 
356 
323 
511 
228 
230 
471 
3O8 
160 
170 
539 
840 
64 
73 
716 
779 
In  Table V. are found the results, compared in the majority of eases 
with the results of a standardising count, or of a gravity floatation count 
either from a tin of 80 c.e. or a tube of 18 c.e. capacity; the saline 
solutions in these experiments also being of various specific gravities. 
The Table shows that gravity floatation of 1 c.e. of stool in the 18 e.e. 
tube gives no indication of the ovum content of the stool. Used in gravity 
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The figures show that as the strength of the suspension i creases from 
1 in 160 to 1 in 4, there occmos a regular decrease in the proportion of 
ova which can be looped from the surface, and that after a certain con- 
centration is reached, a degree of concentration which varies with the 
stool, but generally lies about 1 in 16, not merely the relative but the 
actual nmnber of ova lessens. They show that, used in the concen- 
tration advised by KOFOID and BAm3Ea, the number of ova recovered from 
a thoroughly disintegrated stool, bears no relationship at all to the 
numbers present in the stool; that is to say, the technique is not 
accurate. The figures show that ova are only recovered at all by the 
technique, when carried out as its authors recommend, because it does not 
break up--does not use--the whole of the fmces employed. When 
relatively successful, it is so merely because it does not use the large 
samples which it purports to use. 
The Table affords striking evidence of the truth of the conclusion that 
there exists a limit of effective concentration, and that it begins to show 
itself in quite weak suspensions. 
FiJnL]~]3ORN (1920) has already stated that for successful f oatation the 
the proportion of fmces to brine should not excceed 1 in 20. I was not 
aware of this observation till it came to my notice, some two years later, 
in the Tro~oicctl Diseases Bulleti~, and after the observations just recorded 
were made. My conclusions were spontaneously reached, and have the 
added confirmative value of an entirely independent observation. That, 
and the fact that they are now for the first time supported by published 
figures, renders the loss of time involved less annoying than would 
otherwise be the case. 
Willis's Gravity FloatationTechnique.--WIr,r,Is (1921) to about 0'5 c.c. 
of feeces added drop by drop, in a cylindrical tin 3"3 cm. in diameter and 
0'8 cm.high, "a  saturated solution of common salt [which] has a specific 
gravity of 1130 " till it is filled. After a few minutes, a clean slide is 
placed over the mouth of the container, in contact with the fluid, and 
after a few more moments is removed and examined. WILl is  holds that 
larvm too float, and are found upon the slide. He calls his process 
" levitation." He did not standardise it but gave a number of inst.ances 
where it gave posii~ive results after five simple films on a 3 by 2 in. slide 
failed even when supplemented by the centrifuge. This last was used in 
a special manner. A mass of fmces was mixed with fen times its 
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volmne of water in a recta,1 cone, sedimented for two to three minutes, 
the supernatant fluid decanted and centrifuged for five minutes, and an 
unspecified amount of the deposit examined. 
WILLIS'S technique employs the same means of concentration 
as, ai]d a different method .of collection to, the I(OFOID and ]3AI¢:BEI~ 
technique, the collection and examination areas being identical. Work 
upon the latter technique showed that in adequate dilution, it gave more 
ova to a unit of examination sm'face than did levitation. Yet, in both 
cases, this area occupied about 9, sq. in. and so occupied far too much 
time in the making of a negative diagnosis. The rest of the investigation 
has practically resolved itself into an attempt o find some floatation 
technique which would allow considerable contraction of the examination 
area. In each instance the quantity of stool has never exceeded, ~md had 
nearly always been, 1 c.c. as represented by an equivalent part of an even 
f~eeal suspension. 
~. iNDIRECT CENTt%IFUGAL ~LOATATION. 
Under this term are designated those processes in which the surface 
upon which ova are concentrated by the centrifuge is not that upon 
which they are examined. They have to be removed from the collection 
to the examination area. 
Floatation b~ ~ Fw~net.--To combine dilution, adequate to the 
neeessities of the limit of effective concentration, with a small examin- 
ation surface, inverted funnels were used. They were of smooth metal, 
plated and polished, with the intention of l imiting depressions in which 
ova might lodge. The funnel was set at an angle of 45 ° , its stem was 
half an inch and its mouth one and a half inches in diameter, the latter 
fitting into a groove m the bucket of the centrifuge. The centrifugal 
deposit from a quantity of suspension representing I c.e. of fa:ces was 
centrifuged in about 100 e.c. of concentrated saline, q2ab]e IV. shows the 
counts obtained compared with the counts made by some other floatation 
technique from the centrifugal deposit of the same quantity of the same 
f~ecal suspension. The failure of the funnels to effect concentration is 
singularly incontestable. 
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floatation in 80 c.e. and centrifugal floatation in 18 c.c., solutions with 
a specific gravity of 1100 gave results of poor accuracy. The same 
applies to centrifugal f oatation in a solution of 1250, unless the centrifuge 
ran at 1,000 revolutions a minute for 60 seconds. In  centrifugal floatation 
at other specific gravities the tubes showed better, but not really satis- 
factory, results ; as indicated, for instance, in the variations, in material 
from the same f~eeal suspension, and in fluids of the same specific gravity, 
between 2t3 and 762, and again between 147 and 356. 
Moreover, the number of eggs collected by looping the half-inch 
centrifuged tubes, not infrequently proved much less satisfactory than 
the figures in the Table indicate. For  instance, where a standardising 
count indicated 980 ova per e.e., looping of such a tube produced 412; 
other similar counts being 950 and 391; 700 and 561; 1,025 and 409. 
The process, then, constantly involves a large loss of ova. Where do 
they go? Do they crumple and sink, and if not, what is their fate? 
Thousands of eggs were counted and months spent in the solution of 
this difficulty, and the exasperating and seemingly impassable deadlock 
was finally overcome by the following line of reasoning. 
In examining a preparation looped off from the tin vessel containing 
80 c e. of saline, and which necessitates the formgtion on the slide of a con- 
siderable and generally markedly convex meniscus, there will be noted 
during examination a slow upward drift of the ova towards the apex of 
the meniscus. Clearly, if they will float thus towar3s the highest part of 
a convex meniscus, they will drift towards the highest part of a concave 
one, in this case the edges, and thence the loop can hardly recover them. 
Even if, under the influence of eentrifugal force, some flattening of the 
meniscus occur, there will be at least some compensation i the violence 
of the force acting upon the ova. Efforts were accordingly made to 
maintain a convex meniscus during centrifuging. Oiling of the interior 
of tubes with this intention resulted in the formation of a thin fihn of 
oil upon the surface of the fluid, whieh, by altering the surface tension, 
greatly interfered with the success of looping, and which, under the 
microscope, diminished markedly the visibility of the ova;  nor was the 
convexity of surface maintained. A layer of hard paraffin upon the 
glass readily became sufficiently wetted to allow of the surface taking 
a more or less concave shape. 
Since, then, ~ convex meniscus could no~ be maintained during 
centrifuging, the ova were brought to the upper part of the tube .by 
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centrifuging in the ordinary way, the tube was then filled with saline of 
the required specific gravity until this projected beyond its mouth as 
a convex meniscus, and allowed to stand for some time in order that the 
ova might again reach the surface. Centrifugal floatation was, that is, 
supplemented by gravity float~tion. The results are seen in Table VI. 
TABLE VI. 
The effects of a convex meniscus upon ovum counts, eggs being 
collected by the loop, and I e.e. of stool being used in all floatations. 
I 
Clr~vity i Centrifu~'aI f lo~tation in IS c.c. 
St~mdardisin~" floutation in 
count, with concave wi th  convex 
SO c.o. l]leniscus, lrlenisclls. 
75 29.*** 38': 85* 
!)o I 1o 
IO5 I33 
;250 7:} 42 57 
~()* N(.} * 
55 93 
25 * 1573 *
39 85 
• S.g. 1150. ;:* S.g. 125(!. The oghers were In fluid of s.g 12o 
• ** Thi.-: sl)ecimen was not from the corlll)lOll susl)el),SlOll, l int prepared froln J['32c0,8 by st i r r ing  
in sMt solution of s.g. 12011 t i l l  th is  was discoloured, as advised by ](ol, 'olo and BAllBER. 
F .  D IRECT CENTRIFUGAL FLOATATION.  
These results were sufficiently encouraging to lead to the attempt to 
combine, in a centrifugal floatation technique, the collecting and 
examining areas, as PEm'nn and the writer had done for gravity 
precipitation, and WILLIS for gravity floatation. 
But, first, the same principle was tested by combining gravity with 
centrifugal floatation in the manner just described, except that the 
centrifuged tube was not overfilled, but just filled till the surface was flat, 
and a piece of thin slide then laid upol~ it. In this way, except usually 
for a small air bubble, the upper surface of the fluid was in contact with 
the glass. This was, generally after an hour, lifted off and examined. 
In all instances in which this principle was employed during this 
investigation the collecting lass was examined with the ova beneath it. 
If, however, such a prepared glass were simply laid upon a slide, the 
solution would spread, and the examination area would be increased, 
perhaps greatly so. The glass was accordingly kept from contact with 
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the slide by two pellets of plasticine at opposite corners, so that, in effect, 
a hanging drop preparation was obtained, the relative lightness of the 
ova keeping them close under the glass. 
The results obtained, to which a return will be made later, were at 
least as good as those obtained by looping a convex meniscus, so that the 
attempt o place, by centrifugal floatation, the ova direct upon the exam- 
ining area seemed promising. 
The difficulties encountered were greater than anticipated. The 
centrifnge tube hitherto used had been of the type ordinarily employed 
for hookworm diagnosis, namely, a simple glass cylinder open at both 
ends, but, for use, closed with a cork at the lower. If such a corked 
tube be filled with saline or other fluid and a glass cover placed upon it, 
there will almost always be, either some immediate leakage if slightly 
overful, or a smMl bubble of air enclosed if it be slightly underful. In 
a tube so closed the cover must be held in place during centrifuging, 
otherwise it flies off. Wi th  a view to maintaining it in position the 
following means were investigated : - -  
1. A cap made by cutting off the lowest half-inch or so of a flat- 
bottomed tube just wide enough to fit over the centrifuge tube. This 
acted as a syphon, emptying the upper part of the tube and spilling the 
eggs. 
'2. A square piece of glass with the corners bent over. This was as 
effective a spiller of eggs as a cap. 
3. Plasticine stays, small pellets of plasticine attached to the corners 
of a square cover; fairly effective if attached outside the position of the 
tube, and not between the tube and its cover.  
4. A laboratory-made wire clip. 
5. Improving upon this last Messrs. I~. ]3. Turner & Co. made the 
ingenious little cover-clip described below. The cover, held in position 
by this clip, properly adjusted, is undisturbed by centrifuging. 
Nevertheless, there was found constant leakage from the tubes, fluid 
escaping from the upper part of the tube and air taking its place. The 
discovery of the cause of this proved exceptionally difficult because, as it 
subsequently appeared, two factors were concerned. Under centrifugal 
force the tube is forced down over the cork, or, put otherwise, the cork is 
forced further into the tube ; fluid is forced out of the other end past the 
cover; when the force ceases to act, the resilience of the cork (rubber 
corks were used) causes it ~o withdraw somewhat from the tube and air 
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is drawn in at the other end to take its place. The remedy was a tube 
with a fixed bottom. 
When the upper end of a glass tube is rounded off in the flame, as is 
generally the case, the edge is not even and the cover does not lie truly 
upon it, and fluid is apt to escape, and air to enter between the 
two. The trouble was ended by having the mouth of the tube ground 
off flat. 
TA]~nF~ VI I .  
The counts obtained by direct centrifugal fioatation in common salt 
solution at 1200 compared with those obtained by gravity floatation 
techniques and by standard;sat;on, 1 c.c. of stool being implicated 
in each case. 
F 
G 
t I  
I 
K 
4~ 
2070 
300  
110  
533 
~ '  g50  
1023 
~0 
520  
720 
080 
Grav i ty  f loatation 
in 80 c.c. for 60 
minD. ; col lection 
by looping'. 
1143 
152 
90 
266 
273 
271 
123 
418 
704 
Direct  cen~ri g.al 
Grav i ty  f loatation f loatation in  18 c.c. using" 
in 30 c.c. for  60 the ins t rume 
rains. ; collection f - .~ .____~.__  
on a glass, 15 30 60 
sees, sees. sees, 
1746 1422 
187 142 151 
118 140 
55 126 
82 98 
79 138 
333 714 597 
380 287 501 
381 655 630 
"}96 780 702 
581 697 
413 415 402 
338 505 317 
321 374 220 
349 304 361 
258 
732 739 938 
784 853 926 
527 378 777 630 
610 534 700 703 
386 485 796 75"] 
311 i 418 728 606 
547 545 1038 
463 571 864 
99(; 
1003 
1037 1225 1648 
1397 1354 
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Using a bottomed tube with a ground mouth eliminated leakage, 
unless some other factor were involved, such as jarring. The results 
obtained are shown in Table VI I .  The results of centrifuging for 
15 seconds at 1,000 revolutions a minute with the bottom of the tube 
6~ in. from the centre are uncertain, usually poor. Centrifuging for 
30 seconds usually gives larger counts than does centrifuging for 
60 seconds; and in both these last cases the concentrative results are 
better than those yielded by any other recognised method. A solution of 
common salt of specific gravity of 1200 was used in the obtaining of 
these figures. 
Complementary to Table VI I .  is Table V I I I . . in  which, with a 
standardising count, are compared, levitation as originally proposed, and 
various gravity floatation and centrifugal floatation techniques which 
have been considered above. 
This Table confirms the gross inferiority and inaccuracy of gravity 
floatation of the precipitate from 1 c.e. of stool in the tube of ~ in. 
diameter. I t  shows the marked superiority of direct centrifugal floata- 
tion over the other techniques in producing uncamouflaged ova from 
1 c.c. of stool. The Table does not show the fact that the examination 
area in direct centrifugal floatation is markedly smaller than in the 
gravity flo~tation techniques in 80 c.c. and 30 c.c. of saline, corresponding 
respectively to the KOFOID and BA~]~Ea and the WILLIS techniques. 
The General Aim o.f the Apparatus is to keep fixed upon the centri- 
fuge tube a squ~re glass cover which will collect the floating ova, 
and which is held in position by a cover-clip of such a shape ~s to 
prevent movement and leakage ~nd yet allow of the ready removal of 
the cover for direct microscopic examination, thus making the area 
of collection and the area of examination identical. A tube-clip holds 
the tube axially in position in the bucket in such a manner that, as the 
bucket swings out under the influence of centrifuging, jarring is pre- 
vented and the cover is not knocked off by the arch of the centrifuge's 
arn l .  
The apparatus is as follows (see figs.) : The centifruge tubes are glass 
cylinders 4~ in. long and ½ in. in internal diameter, closed at the bottom 
and with the mouth ground off fiat at r ight angles with the tube's long axis. 
The covers are made of glass 19 mm. square and 0"5 ram. thick. 
Their area enables them to proiect slightly beyond the centrifuge tube, so 
allowing slight play without leakage. Glass of this thickness can be 
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TABLE VII I ,  
Counts obtained by various floatation teclmiques, compared with 
levitation, and controlled by a standardising count. The flo,%tation 
techniques were with common salt solution of a specific gravity of 
1150 and 1200. The gravity techniques tood for 60 minutes, centri- 
fugal floatation was for 30 seconds. In  those using first centrifugal 
force and then gravity the centrifuge w~s used for 30 seconds and 
gravity for 60 minutes. Levit,%tion used 0'5 e.e., floatations 1 e.e. 
of stool. 
Standardisat ion ] Actual  . . . . . .  
[ Est imated per e.e. 
Levitagion . . . . . . . . . . . .  
Grav i ty  
ttoatation 
in 38 e.c. 
Centrifu~'al 
and grav i ty  
floatat, ion 
in 18 e.e. 
Gravity fioata- 
tion in 80 e.c. 
Gravity floata- 
tion in 30 c.e. 
Direct 
centrifuffal 
floatation. 
Coneo,~,e 
n't elliseus 
s.g'. 115tJ 
s.g'. 121~o 
Convex s.7". 1151) 
meniscl ls s.~'. 12(1() 
Covered 
tube 
Collec%ve 
lilellisellS 
s.iz. 1 (5 
~.~.. 12l~tI 
s.~'. l l5o 
Collvex s.;r. | 150 
meniscus s.g. 121)(I 
Covered 
tube 
s.~'. 1150 
S.R', 12()0 
( S.g'. 1150 
Looped -~ s.~'. 120o 
Covered f s.o.. 115o 
( S.g'. 12lil) 
s.~'. 115[) 
s.?'. 1200 
Prepar,~tion. 
t /  
52 
1560 
1 (H 
461 
156 
73O 
28!~ 
S36 
lOl') 
t;otl 
47S 
786 
1331~ 
1389 
A. 
C. 
D. 
E, 
THE APPARATUS DESIGNED FOR MASS DIRECT CENTRIFUGAL FLOATATION 
(Natural Size). 
A 
E 
t .b  i 
F 
The tube-clip from above showing" its interruption, allowing" of its adjustment to tubes 
with slight variations in size. 
The tube-clip fl'om the side. It  hangs from its four hooks within the la~e bucket. 
The cover-clip from above. The handle is foreshortened and the legs hidden. 
The cover-clip from in front. Two legs are seen in profile ; the third is indicated e~/'ace. 
The cover-clip in profile. The position of the cover is indicated. The ease with which this 
can be withdrawn is evident. 
The apparatus et up. The larg'e bucket (i) is capable of carrying three tubes for mass 
centrifugal precipitation. For centrifugal fioate,tion it is used with only a single 
centrifuge tube @) held in place axially by the tube-clip (b) hano'ing in the buckeFs 
mouth. ~ Over the mouth of the centrifuge tube lies the cover (,q)~'etained in position 
by the oover-¢!ip (d). The glass part~ of the apparatus are stippled : the metal par~s 
unshaded, 
APfZAlZATUS USED IN DBECT CENTRIFUGAL FLOATATION. 
On the right and below is the greater part of a sin. by lin. slide backed by white paper for 
visibility’s sake. Across the centre of this lies diagonally the square oover, supported 0x1 two 
Pellets of plasticine. 
examination area. 
In the eentre of the cover a disc of black paper shows the size of the 
Above the slide lie the four-armed tube-clip to the left and the three-legged cover- 
clip to the right. 
To the left stands the centrifuge tube fitted with tube-clip cover and oover-clip. 
al’Pare$ fifth hookless arm to the tube-clip is merely a r&e&n. The The fitted tube is, for 
c~~~~~mwe, shown before the tube-clip and cover-clip have been adjusted to the relative 
positions which they mill ocoupy when the tube is placed in position in the bucket. 
To fncc page ~4 .I 
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rubbed briskly without breakage, heated in the flame to burn off any 
adherent eggs, and permits of the microscopic examination, by a sixth 
objective, of any doubtful body. A cover-clip is necessary to hold the 
cover in position during centrifuging. I t  consists of a cross of nickel 
wire. One arm is at once curved upwards as a handle. The others 
are bent downwards and inwards at that point in their arms, which 
enables the cover to slip readily into the recesses o formed. The wire 
must not approach the mouth of the tube sufficiently near to permit of 
i~s capillarity emptying the upper part of the tube. 
The centifruge is a strong, swing-out one, with heavy metal buckets 
1} in. in internal diameter. When swung out the bottom of the bucket 
is 6 a in. from the centre of the centrifuge. For  centrifugal precipitation 
each bucket, to facilitate mass diagnosis, carries three centrifuge tubes, 
For centrifugal f oatation the presence of the cover and its clip prevents the 
use of more than one tube at a t ime in each bucket. This tube, to keep its 
cover dear  of the bucket, or of the arch in the centrifuge arm, has ~o be 
held axially in the bucket by a tube-clip. This is of malleable nickel, and 
consists of a circle about ~ in. in internal diameter, but interrupted in 
one part for about an eighth of an inch. From the circle, at equal 
intervals, four arms ran outwards for a quarter of an inch. They then 
turn upwards for half an inch, almost at right angles, and in a plane at 
right angles to the circle, and end in hooks which lie upon the rim of the 
bucket when in use. In this way the clip hangs suspended in the 
bucket. The circle is interrupted because glass tubes are not blown with 
minute accuracy, and it is necessary that the tube should be somewhat 
gripped by the clip for two reasons: to prevent it falling through the 
clip and breaking during insertion ; to keep it from rotating upon its own 
axis and allowing the cover to fall out of the cover-clip dm'ing centri- 
fuging. The interruption in the malleable clip allows of its being 
adiusted to each tube. 
The Details of the Technigue.--While not suggesting that these 
cannot be varied without loss of efficiency, it is unwise to make any 
essential alteration unless compa~'ative counts show that ~he accuracy of 
the technique is not thereby adversely affected. 
Measure I c.e. of fmces, either by pressing an open cylinder of this 
capacity downwards into several parts of the stool until this is forced up 
and fills it ; or by using any glass tube, closed at one end in the following 
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manner. Fi l l  it say, half full of water, mark the level of the meniscus, 
add 1 c.c. of water, mark the level of this meniscus, remove water till the 
meniscus falls to the lower mark, add f~eces till it rises again to the 
upper. Disintegrate the f~eces by vigorous shaking in water in a closed 
tube, preferably using some comminutor. I f  the cylindrical measure be 
used as such, disintegration will be more rapidly effected if a wire or some 
such body be run through the f~eces and withdrawn, thus making an 
aperture through which the water is forced during shaking. 
If cornminution have not been effected in the centrifuging tube, 
transfer the suspension to this. Centrifuge for 60 seconds at 1,000 revo- 
lutions a minute, or for a corresponding period if the centrifugal arm 
differs in length from that described. Decant the water completely, thus 
rejecting, in addition to the usual finely granular material, a mass of 
bubbles which has been formed by the shaking. Add a solution of 
common salt of a specific gravity of 1150 or over, according to the object 
in mind, as explained below, to within half an inch of the top. Insert a 
cork and invert the tube, shaking it gently in a lateral direction while 
inverted, so that the deposit is detached from the bottom and broken up. 
l~evert. Repeat the process, t~emove the cork. In some stools of a 
clay-l ike consistency some agglomeration will have occurred. If so, it 
must be broken up with a rod, wire, or stick. Add by pipette a solution 
of common salt, of the specific gravity already employed, till the tube, as 
shown by the reflections from its surface, is just full with aflat meniscus. 
Holding the cover-clip by the handle, slip the cover into place. See that 
the clip's three feet are sufficiently wide apart to slip easily over the tube, 
and sufficiently near to prevent lateral movement. Apply the cover-clip, 
pushing it home with closed forceps until the cover reaches the tube, and 
the saline lies in contact with its under surface, except, probably, for a 
small bubble, Turn the centrifuge so that one bucket is towards you. 
Adjust the tube-clip to the tube so that it is an easy fit, and slip it over 
this to about its middle. Holding the tube vertically between the two 
clips with the left band, bring it down gently within the bucket until the 
hooks in the tube-clip engage in the mouth of the bucket, having rotated 
the tube until the interruption in the clip lies at 4.30 o'clock. ]By pinching 
between the thumb and first finger of the right hand the arms of the 
tube-clip which lie at 3 and 6 o'clock, the gripped tube can be firmly 
held. Steadying it, so rotate the tube until the long arm of the covet'- 
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clip lies at 12 o'clock, that is, towards the pin of tile centrifuge, a position 
which will ensure that the cover will not drop out of the cover-clip when the 
centrifuge bucket swings ont. Still steadying the tube through the tube- 
clip, push the cover or the cover-clip directly downwards, with forceps 
held in the left hand, until the bottom of the tube reaches the bof~tom of 
the bucket. Centrifuge for 30 seconds at 1,000 revolui, ons a minute. 
Prepare a slide by placing upon it two pellets of plastieine as far 
apart as the distance between diagonal corners of the cover. When the 
centrifuge ceases to revolve, lift by its handle the cover-clip (with the 
contained cover) off the tube, using the left hand ; having first gripped 
the tube through the tube-clip, by pinching together the arms at 3 and 6 
o'clock with the thumb and finger of the right hand. Unless this be 
done the tube may be lifted an inch or two with the cover, and, dropping 
back, smash. 
With a pair of forceps sieze the cover by the nearest corner, draw it 
laterally out of the clip and place it eornerwise on the plasticine pellets, 
so that it forms a hanging drop preparation, with the ova on its upper 
surface immediately beneath the cover. I f  not required for immediate 
use it can be kept satisfactorily by placing the whole slide beneath the 
moistened lid of a large petrie dish. 
Some of the details are given merely with the intention of indicating 
how the desired purpose may be most rapidly effeeted with the fewest 
movements, a consideration as important in mass diagnosis as in mass 
production. 
In cases taking a diet of milk, the floating fatty curd is not all elim- 
inated by decantation after centrifugal precipitation in water. That 
which is carried over may obscure the ova floating in concentrated saline. 
It  is now possible to consider the conclusion of DAI{LING and SMILLI~ 
that mim'oscopic diagnosis fails in 50 pet' cent. of l ightly infected eases, 
and that it is futile to rely upon it for diagnosis. As has been stated, 
I-)AI{LING and SM1LL IE  p,'obably used HOWAI~D'8 technique, practically 
identical with the standardising technique, but whether examination 
was made of the large area of film, requisite by this method to ensure 
a negative diagnosis, is not mentioned. It  is evident f,'om the studv of ¢ 
Table VI I I .  that, relying on the results obtained by this technique, they' 
Would be fully justified in their strictures. J3ut it is equally evident that 
to condemn microscopic diagnosis in genm'al, from the failure of this the 
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worst technique, is it not justified by the facts now made available. This 
Table il lustrates also the value of figures, purporting to show the extent 
of local infections in different parts of the world, published and abstracted 
without intimation as to the technique used. 
The standardising counts contained in Tables VI I .  and VI I I .  show that 
the proportion of ova lost by floatation techniques, properly carried out, 
and in particular by direct centrifugal floatatiou, is small; accordingly, 
provided a sufficiency of fzeces have been originally used, and this 
constitute a fair sample of the stool, one must conclude that the micro- 
scope can detect ova in every case in which they are present in the stool. 
One point in the argument still remains in doubt. Does the use of 
1 c.c. of f~eces, taken from different parts of the stool, suffice for this 
purpose ?
RIVAS (1920) mentions the estimate that each female ankylostome 
produces fifteen to eighteen eggs per gramme of stool. 
The writer noted that when several experienced persons have each 
examined by levitation 0"5 c.c. of the same vegetarian stool, they will 
all find ova or will all fail to find them. This is not proof, but it is 
suggestive that 0"5 c.c. suffices for diagnosis. 
]3A~I~MAN~ (1917), whose very valuable work was abstracted in the 
Tropical Diseases Bulletin in 1922, cultivated from a stool of 100 grammes 
1,141,600 ankylostome larvae. The woman who passed it died the next 
day, and from her intestine was recovered 1,102 female ankylostomes. 
On the average each of these was responsible for 1,036 larvae, or 
10"36 per gramme of f~eces. One is very unlikely to be incorrect in 
assuming that all the eggs had, as is usual, not hatched out, and that 
their number exceeded this figure. 
DAULING (1922) found that in seventeen persons, in whom an ovum 
count was made by floatation of ~z c.e. of stool, presumably in a concen- 
trated solution of common salt, and a worm count after vermicidal 
treatlnent, presmnably by two eom'ses of chenopodium, the number of 
ova passed aily by each female worm worked out at an average of 2,2375, 
the individual estimates varying from 427 to 7,454. 
The evidence offered is scanty, but supports the conclusion that the 
proper examination of 1 c.e. of f~eees uffices to detec~ ankylostome ova 
in all cases, even if there be only a single female normally ovipositing 
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in the intestine. One may suggest perhaps that Preparation C in 
Table VI I I .  represents nob an infestation. 
O.  PARASIT I~3S OTJ:il~3R T J~AN ANKYLOSTO1KES.  
Alghough the volume of work to be got through has precluded full use of 
the opportunities offered for the investigation of other infesgations, ome 
information has been incidentally collected, of which Table IX. repro- 
duces some typical examples, the capital letters referring to the same 
preparations a occur in Table V I I I .  
Ta~5~ IX. 
Counts obtained of ova other than ankylos~ome ova, and of Strongy- 
loides larvae, in Preparations A, E and F, mentioned in Table VI I I . ,  under 
the same conditions as obtained for that Table. 
. . . . . . .  f Ac tua l  ~.~E[[Ill/ /rlll:4aLlOll - . ' 
~ gs l ;nnated  per  c.c . . . .  
Levltat, ion in 0"5 c.o . . . . . . . . . .  
I,,,~ni~o<,.< t ~2": I~;J. 
Gl'~wit y
f loatat ion Ool lvex f 
in is  c.c. men iscus  [ 
Covered 
I tube  
. . . . . . .  Concave 
lllelliSCl >; 
('cut r ifuKa I 
aim g'ravi ty  Col lvex 
~l}illAl[iOll, llleniSCllS 
ill IS tAC. 
6 rav i ty  fl, Jata- 
i : i o r t  i l l ~;ll  C ,O .  , 
(@avity l l ,a~a- 
t ion in 3 .  c.e. 
l ) i reet ! 
t:ellt ri l'll~,~l i 
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0 
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Common salt solution of specific gravity of 1150 does not produce 
concentration of Ascaris or Trichuris ova. I t  can, indeed, be used 
selectively to exclude nearly all such ova; and if it were desired to 
concentrate only ankylostome ova (for which purpose it is, in direct 
centrifugal floatation, as effective as a concentrated solution) the use of 
this solution would probably be advisable as usually giving a cleaner 
and more rapidly examined preparation. 
Trichostrongylus ova acted, in the cases in which they were iden- 
tified, in the same manner as do ankylostome ova, but were not always 
detected from 1 c.c. of stool. This finding falls in with the known 
anatomy of the female's uterus. Onchospheres of T~vnia saginata nd of 
Hymenolepis nanc~ were not satisfactorily floated. Ova of Heterophyes 
floated very exceptionally. On one occasion a male Enterobius vermicularis 
came to the surface in concentrated sal~ solution. Large ova and mites 
floated in one stool, the one apparently oviposited by the other. 
A NOTE ON ~HE VARIOUS TECHNIQUES. 
HOWARD'S technique and the standardising technique must be 
accepted as accurate, if camouflage be eliminated and some hours be 
spent upon the examination of a sufficiency of stool. As concentrative 
agents their value is almost negligible. 
:Levitation uses a common collecting and examination area of 
2 sq. in., which takes twenty to thirty minutes to examine. In non- 
vegetarians the limit of effective concentration is exceeded when 05 c.e. 
~f stool is used. The deep meniscus is unstable. The straining is tedious 
and time-absorbing. 
:BASS'S 1906 technique, except for the means of removing ova from 
the collecting to the examination area, differs little from the modern 
technique of KOFOID and BAaB~a. The intervening lapse of thirteen 
years had done nothing to give an inkling as to the reason for :BAss's 
rejection of this technique. BAss's 1909 technique, with its many 
centrifugings in water and in calcium chloride solutions of two specific 
gravities, was too elaborate for mass use. In the light of knowledge 
acquired during this investigation, it is clear" that its attempt to use 
samples too large for the technique's limit of effective concentration was 
the cause of its summary rejection by its author, for no more beautiful 
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microphotographs ave ever been published, i l lustrating the concentrative 
effect of any technique, than those which accompany this paper. 
Ga~RISO:N'S technique, spending an entire day in concentrating ova 
from the whole stool, is impracticable, being more time-eonsmning and 
offensive ven than the simple smear. I t  has not been adopted. 
Wmm.~N's  techniq~e apparently assumes the possibility of bringing 
a submerged body to rest at a definite level in a liquid of uniform density 
B_4R]~]~I~.'s magnesimn sulphate and glycerine technique was admitted 
by Baex>:s to be leas accurate than the eentrifl~gal smear. 
l<oFoI1) and Bam;p,p,'s and ~VIImlS'S methods are excellent for ordinary 
diagnosis, where time is not of paramount importance, provided the fmees 
be adequately diluted. They are nnsnRed for mass diagnosis, on aceonnt 
of the size of the examining area. The convex meniscus of the former, 
amounting in the estimate of the originators to 2 sq. in., has the disadvan- 
tages of instability and of the fact that, in the tropics, the surface layer 
will frequently be in a continual state of movement under the fan, 
a condition trying to the eyes, and holding of necessity the probability of 
inaccuracy, since examination of the whole of an irregularly moving area 
is impossible. 
indirect centrifugal floatatlon in a half-inch tube is not completely 
reliable, particularly with a concave meniscus; the risk of spilling 
a convex meniscus is a very real one ; the results of the WHmlS method 
of collection are as good as that of the convex meniscus ; the examination 
area is about half a square inch. 
Direct centrifugal floatation gives a greater and more reliable 
concentration than does an), other known method. The collecting and 
examination areas are identical, so saving transfer of ova from one to 
the other, with the corresponding elimination of risk of loss and saving 
of time. The apparatus is simpJe and reasonably fool-proof. The 
examination area is about half a square inch. The whole process is 
carried through in a few minntes. 
The estimate of the time, occupied in the microscopic examination 
of the preparation resulting from various techniques, is unreliable, since 
so much depends upon the microscopisf/s opinion of the rapidity which 
he Can attain withottt loss of accuracy, i t  seems better to rely simply 
Upon the size of the examination area, assuming that camouflage is about 
equally absent in tim diffLq'ent instances. Two minutes is the writer's 
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average time for examination of the whole direct centrifugal floatation 
film. 
Finally, another aspect of the problem merits notice. Attention has 
been drawn to the fact that never has there been published more striking 
evidence of the concentrative possibilities of any technique than was 
published by BAss in 1909; ~nd yet the technique was repudiated. 
One of the lessons which seem to spring clearly from this fact is, that 
this bafiling problem has, in fact, been ripe for solution at any tiule 
during the last thirteen years, had standardisation been attempted and 
had any sustained effort been made to ascertain the causes which make 
for success or failure in the different techniques. I t  is staggering to 
think of the time, money and effort expended in ankylostome work 
during ~his period, which might have been saved by the expenditure, at 
that ~ime, of the relatively negligible amount of money which would 
have financed the necessary research. The need for further research is 
no less urgent now than then. 
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I)ISCUSSION. 
IAeut . -Co l .  CLAk'TON [ JANE showed a number  o f  exh ib i t s  i l l us t ra t ing  
the  sa l ient  po in ts  in  var ious  concent ra t ive  techn iques ,  and  demonst ra ted  
the  ease  and  rap id i ty  w i th  wh ich  d i rec t  cent r i fuga l  f loatat ion  cou ld  be  
car r ied  through.  
The  CHAIa~A~ : We have  to  thank  Co lone l  CLAYTON LANE fo r  th i s  
most  admirab le  paper .  A f te r  read ing  i t  and  hear ing  what  he  has  sa id  
about the s~ll?ject this evening, one is strlmk, first, by the enormous 
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amount of work he has put into it, the careful labour which has been 
expended over long periods, and his ingenuity in overcoming all the 
difficulties he encountered. 
One is also impressed by the quickness of his method, the only difficulty 
which occurs to me being the question of the thorough mixing of the 
f~eces in the salt solution, because upon that everything depends. When 
you get the f~eces in the tube, how often is it necessary to shake ? Time, 
of course, must be expended on that. When it is thoroughly mixed, you 
still have the tube to centrifuge and the cover-glass to slip. off from the 
full tubes, but is it then certain that all the eggs will be sticking to the 
cover-glass and remain there? One would think many of them would 
drop back again in the act of removing the cover-glass. Still, the 
possibility of bringing the examination material into such a limited space 
for microscopical examination is a tremendous step forward. 
He did not tell us what power of the microscope he uses for examin- 
ing the cover-glass. I noticed that its thickness is considerable, so 
nothing higher than a .~ in. or ~ in. would be workable. 
With regard to the direct centrifugal floatation method, the ordinary 
gravity floatation method seems to give fairly good results, at any rate 
according to some of the tables. 
The following also took part in the discussion: Drs. G. C. Low, 
C. M. W]~¥o~ and H. M. HXNSC~ELL. 
Lieut.-Colonel CLAYTON LANE, in reply, referring to the rapidity of his 
centrifugal floatation technique, pointed out that the few minutes spent 
in completing it that evening had not included the preliminary disinte- 
gration. For comparative purposes that was immaterial, since this part 
of the procedure was, or should be, common to all techniques. He 
stressed the value of primary violent disintegration i  water. The gentle 
secondary disintegration i  saline, to which the C]=~AII~MAN referred, must 
be continued at least as long as obvious lumps remained. The time so 
occupied varied with the stool, but, in general, two up-endings, with sub- 
sequent gentle, lateral agitation, sufficed. 
As to whether all the eggs remained on the cover, he referred to the 
tables, particularly Table VI I I . ,  as showing how minimal the loss must 
be; and insisted that his whole conclusions were based upon careful, 
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controlled counts- - the only possible basis for scientific conclusions, lint 
one hitherto neglected. 
The magnification personally preferred was th'at fm:nished by a Zeiss A 
with a No. 4 ocular. The half-millhnetre-thick over allowed of' the 
ready use of the D objective, for it must be remembered that the ow~ 
were, by the heavy saline, pressed against, m~d into close contact with, 
the lower surface of the cover. Covers of this thickness had the advant- 
age that they were not fragile, could be vigorously rubbed, and that any 
ova, still possibly adherent to theln, could be burnt off in a flame, the 
cover being heated m~til, winch laid on the bench, tlnis became slightly 
charred. 
Gravity floatation techniques used with proper regard to the limit of 
effective concentration, g,~ve good results and should not be disreg~rded 
by the ordinary practitioner. Their examination areas, covering 2 sq. in., 
and their examination times, of from 10 to 20 minutes, rendered them 
unsuited for mass diagnosis, with which the paper dealt. He recalled 
India, which alone contained 300,000,000 persons requiring diagnosis :rod 
l~reatment; and pointed out that every minute saved in every di,~gnosis 
made an immense difference in the total, and that the ability to make 
a negative diagnosis alger two minutes' microscopic examination, altered 
entirely the practical aspects of the problem. 
The spectacular value of tim positive specimen made that evening 
was negligible. I t  was one of those eases referred to by Dr. HXNSCHar, L, 
in which skilled examination of simple smears, continued for ~ reasonable 
time, leads to, ~md could, except by accident, lead to nothing but 
a negative diagnosis. Although the speaker bad, himself, 'ecent y shown 
to the Society a spectacular film of ~his nature, such as it seemed to be 
expected one should produce in recommending any particub~r concentra- 
tive technique, these had no scientitle value. Progress could only be 
obtained and proved by figures; by knowing with how many ova 
a particular technique started, and how ma.ny it finally presented 
nnemamuflaged on the ex~m~ination area. Now, for the first time, figures 
were published on a reason~bly adequate scale, so that all could reach 
their own conclusions and ~void that attitude, too evident in medical 
helminthology--an u critical ~ceept.ance of specia.listic authority. 
